Abstract. Epithelial ovarian cancer (EOC), the sixth most common cancer in women worldwide, is the most commonly fatal gynecologic malignancy in developed countries. One of the main reasons for this is that relatively little was known about the molecular events responsible for the development of this highly aggressive disease. In the present study, we demonstrated that salt-inducible kinase 1 (SIK1; which is also known as MSK/SIK/SNF1LK) was downregulated in ovarian cancer tissue samples. Using HEY ovarian cancer cells, we noted that SIK1 overexpression inhibited proliferation as well as cancer stem cell-associated traits. Silencing SIK1 promoted the proliferation of the EG ovarian cancer cell line. We performed an analysis of potential microRNAs (miRNAs or miRs) target sites using three commonly used prediction algorithms: miRanda, TargetScan and PicTar. All three algorithms predicted that miR-141 targets the 3'UTR of SIK1. Subsequent experiments not only confirmed this prediction, but also showed that miR-141 was associated with the progression of this disease. Finally, we found that miR-141 promoted proliferation of EG cells, whereas silencing miR-141 restored SIK1 expression and inhibited the proliferation of the HEY cells. Elucidating the molecular mechanism of ovarian cancer not only enables us to further understand the pathogenesis and progression of the disease, but also provides new targets for effective therapies.
Introduction
Epithelial ovarian cancer (EOC) and related cancers lead to 15,000 deaths in the United States annually, representing the fifth leading cause of death from cancer among women there (1) . Poor prognosis is usually attributed to the advanced stage of the disease at the time of diagnosis, inadequate chemotherapy, and also the origin and pathogenesis of EOC remain poorly understood. Elucidating the molecular mechanisms of the origin and pathogenesis of EOC will not only help us to further understand the pathogenesis and the progression of the disease but also will offer new targets for effective therapies.
Salt-inducible kinase 1 (SIK1; which is also known as MSK/SIK/SNF1LK) has previously been identified as a member of the AMP-activated protein kinase (AMPK)-related kinases (AMPK-RKs) (2). The AMPKs play major roles in the regulation of metabolism and cell growth (3) (4) (5) . Clinical studies have previously shown that reduced levels of SIK1 are associated with distal metastases and poor outcome in cases of breast cancer, and SIK1 expression has been associated with tumor suppression (6) (7) (8) (9) . Cheng et al have demonstrated that SIK1 links the tumor suppressor liver kinase 1B (LKB1) to p53-dependent suppression of metastasis and that SIK1 activated by LKB1 suppresses metastasis and invasion in a human mammary epithelial cell line (9) . The LKB1-AMPK pathway has also been shown to serve as a metabolic checkpoint by arresting cell growth under low intracellular ATP conditions (3) . To date, the role of SIK1 in ovarian cancer has not yet been studied in detail, to the best of our knowledge.
MicroRNAs (miRNAs or miRs) are non-coding RNAs, 18-25 nucleotides in length, which are expressed at specific stages of tissue development or cell differentiation, and exert large-scale effects on the expression of a variety of genes at the post-transcriptional level. Through base-pairing with its target mRNAs, a miRNA induces RNA degradation or translational suppression of the targeted transcripts (10) (11) (12) (13) (14) (15) . Previously, miR-141 expression has been widely reported in various types of cancer. For example, it has been noted that miR-141 is upregulated in nasopharyngeal carcinoma (NPC) specimens and it has been suggested that the inhibition of miR-141 affects the cell cycle, apoptosis, cell growth, migration and invasion in NPC cells (16) . miR-141 plays a key role in 5-fluorouracil (5-FU) resistance by downregulating kelch-like ECH-associated protein 1 (Keap1) expression, thereby reactivating the nuclear factor (erythroidderived 2)-like 2 (Nrf2)-dependent antioxidant pathway, which may serve as a potential target for overcoming 5-FU resistance in hepatocellular carcinoma cells (17) . Although it is known that miR-141 modulates cisplatin sensitivity in ovarian cancer cells (18) , its multifaceted roles are still emerging and being studied.
In the present study, we demonstrated that SIK1 is downregulated in in ovarian cancer tissue samples. In HEY ovarian cancer cells, we noted that SIK1 overexpression inhibited proliferation and cancer stem cell-associated traits. Silencing of SIK1 promoted the proliferation of HEY cells. We analyzed potential miRNA target sites using three prediction algorithms: miRanda, TargetScan and PicTar. All three predicted that miR-141 targets the 3'UTR of SIK1. Subsequent experi-3'UTR of SIK1. Subsequent experi-'UTR of SIK1. Subsequent experiments not only confirmed the prediction, but also showed that miR-141 was associated with the progression of the disease. Finally, we found that miR-141 promoted the proliferation of EG cells, whereas silencing of miR-141 restored SIK1 expression and inhibited the proliferation of HEY cells.
Materials and methods
Ovarian cancer tissue samples. Twenty-nine patients diagnosed with ovarian cancer were recruited from the Shandong Cancer Hospital (Jinan, China); of the patients, metastasis occurred in fourteen subjects. Adjacent normal tissues and cancerous tissues were taken. The use of human tissue samples followed internationally recognized guidelines as well as local and national regulations. Research carried out on human subjects followed international and national regulations. The Medical Ethics Committee of Wei Fang People's Hospital and Shandong Cancer Hospital (Shangdong, China) and approved the experiments undertaken. Informed consent was obtained from each participant prior to enrolment.
Cell lines, plasmids and transfection. The human ovarian cancer cell lines, EG, OVCAR8, OVCAR3, OCC1, HEY and SKOV3 were obtained from the MD Anderson Cancer Center (Houston, TX, USA). Briefly, cells were maintained in RPMI-1640 medium supplemented with 5% fetal bovine serum (FBS) (Gibco, Grand Island, NY, USA) and penicillin/streptomycin at 37˚C in a humidified atmosphere with 5% CO 2 . The empty vector/SIK1-expressing plasmid (pcDNA3.1) and the shSIK1 plasmid/scramble were purchased from the National RNAi Core Facility in Academic Sinica (Taipei, Taiwan). For each transfection, 10 µg plasmid was used. Pre-miR-141/control miR and anti-miR-141/scramble were purchased from Ambion, Inc. (Austin, TX, USA). Transfection was performed with Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions.
Western blot analysis. Western blot analysis was performed as previously described (19) . Briefly, following incubation with primary antibody anti-SIK1 (1:500; ab64428), anti-c-myc (1:500; ab32072), anti-p21 (1:500; ab109520), anti-p53 (1:500; ab1431), anti-proliferating cell nuclear antigen (PCNA; 1:500; ab92552), anti-cyclin-dependent kinase (CDK)2 (1:500; ab32147), anti-CDK4 (1:500; ab108357), anti-CDK6 (1:500; ab124821), anti-Ki67 (1:500; ab15580), anti-RB (1:500; ab184796), anti-CD133 (1:500; ab119401), anti-aldehyde dehydrogenase (ALDH; 1:500; ab52492) and anti-β-actin (1:500; ab8227) (all from Abcam, Cambridge, MA, USA) overnight at 4˚C, IRDye TM -800-conjugated anti-rabbit secondary antibodies (1:5000; ab6721, Abcam) were administered for 30 min at room temperature.
The specific proteins were visualized using Odyssey™ Infrared Imaging System (Gene Company, Lincoln, NE, USA).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
In the present study, cell proliferation was assessed using an MTT assay (Sigma, St. Louis, MO, USA), as has been previously described (20) . The cells (5x10 3 cells/well) were seeded on 96-well plates. At a series of time points, 10 µl MTT was added to each well and cells were incubated at 37˚C for 4 h. Subsequently, 100 µl dimethyl sulfoxide was added to each well. The plates were shaken for 30 sec. Optical density (OD) was measured at 570 nm using a microplate reader (Model 680; Bio-Rad, Richmond, CA, USA). Absorbance was directly proportional to the number of viable cells.
Bromodeoxyuridine (BrdU) labeling and immunofluorescence microscopy. BrdU labeling was performed as previously described (20) . Briefly, the cells grown on coverslips (Thermo Fisher Scientific, Pittsburgh, PA, USA) were incubated with BrdU for 1 h and stained with anti-BrdU antibody (ab8152; Abcam) according to the manufacturer's instructions. DAPI was used to stain cells, and the images were captured using a laser scanning microscope (Axioskop 2 plus; Carl Zeiss Co., Ltd., Jena, Germany).
FACs cell cycle analysis. Cell cycle analysis was performed as previously described (20) . Briefly, the cells (8.0x10
5 cells) were seeded into a 100-mm culture plate and allowed to attach overnight. The cells were then transfected with the plasmids for 24 h, washed twice with NaCl/Pi, and then centrifuged at 200 x g at room temperature. The pellet was resuspended in 1 ml cold NaCl/Pi and fixed in 70% ethanol for at least 12 h at 4˚C. The fixed cells were incubated with 100 µl DNase-free RNase A (200 µg/ml; A3832,0250; AppliChem, Shanghai, China) for 30 min at 37˚C, and 1 mg/ml propidium iodide was then added. The stained cells were analyzed using a fluorescence-activated cell sorter (BDAccuri C6; BD Biosciences, Ann Arbor, MI, USA). The percentages of cells in the G1, S and G2/M phases of the cell cycle were determined using CellQuest Pro software (BD Biosciences, Ashland, OR, USA).
Colony formation assay. The colony formation assay was performed as previously described (20) . Briefly, the cells were transfected as indicated, and then seeded into a 6-well plate. FBS (0.2 ml) was added per well on day 5. After 9-10 days of incubation, the plates were washed with phosphate-buffered saline (PBS) and stained with 0.1% crystal violet. Colonies with over 50 cells were manually counted.
miRNA microarray analysis. Total RNA from the cultured cells was isolated using the mirVana miRNA isolation kit (Ambion) and efficient recovery of small RNAs was undertaken. cRNA for each sample was synthesized using the 3'IVT Express kit (Affymetrix, Santa Clara, CA, USA) according to the manufacturer's instructions. The purified cRNA was fragmented by incubation in fragmentation buffer (provided in the 3'IVT express kit) at 95˚C for 35 min and chilled on ice. The fragmented labeled cRNA was applied to the MicroRNA 2.0 array and hybridized in a GeneChip hybridization oven 640 (both from Affymetrix) at 45˚C for 20 h. After washing and staining in a GeneChip fluidics station 450, the arrays were scanned using a GeneChip scanner 3000 (both from Affymetrix). The gene expression levels of the samples were normalized and compared using Partek Genomics Suite 6.5 (Partek, Inc., St. Louis, MO, USA). Average-linkage hierarchical clustering of the data was applied using the program Cluster (Stanford University, Stanford, CA, USA; http://rana.lbl.gov) and the results were analyzed using TreeView software (Stanford University; http://rana.lbl.gov).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA from the cultured cells, with efficient recovery of small RNAs, was isolated using the mirVana miRNA isolation kit (Ambion). Detection of the mature form of miRNAs was performed using the mirVana qRT-PCR miRNA detection kit, according to the manufacturer's instructions (Ambion). U6 small nuclear RNA (Ambion) was used as an internal control.
Bioinformatics analysis. Potential miRNA target sites were identified using three commonly used prediction algorithms: miRanda (http://www.microrna.org/), TargetScan (http://www. targetscan.org) and PicTar (http://pictar.mdc-berlin.de/).
Immunofluorescence analysis. Cells were plated on glass coverslips in 6-well plates and transfected as indicated. At 48 h following transfection, coverslips were stained with the above-mentioned anti-SIK1 antibody. Alexa Fluor 488 goat anti-rabbit IgG antibody (A-11034; Invitrogen) was used as a secondary antibody (Invitrogen). Coverslips were counterstained with DAPI (Invitrogen-Molecular Probes, Eugene, OR, USA) for visualization of the nuclei. Microscopic analysis was performed with a confocal laser scanning microscope (Leica Microsystems, Bensheim, Germany). Fluorescence intensities were measured in selected viewing areas for 200-300 cells per coverslip and analyzed using ImageJ 1.37v software (http://rsb. info.nih.gov/ij/index.html).
RT-qPCR for SIK1 expression. Total RNA was isolated from the cells using TRIzol reagent (Invitrogen). First-strand cDNA was synthesized from the total RNA using M-MLV reverse transcriptase (Promega, Madison, WI, USA) and random hexamer primers (Sangon Biotech, Shanghai, China). The thermal cycle profile was as follows: denaturation for 30 sec at 95˚C, annealing for 45 sec at 53-58˚C depending on the primers used, and a final extension for 45 sec at 72˚C. The PCR products were visualized on 2% agarose gels stained with ethidium bromide under a UV transilluminator. RT-qPCR was performed using a Power SYBR-Green PCR master mix (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. The primer sequences were as follows: SIK1, forward, 5'-GTCCCTCGGAAGGAACTAGC-3' and reverse, 5'-CTCGCGTTTTTCCTTAGCTG-3'. qPCR for SIK1 was performed using a Power SYBR-Green PCR master mix (Applied Biosystems) according to the manufacturer's instructions.
Statistical analysis. Data are presented as the means ± SEM. Student's t-test (two-tailed) was used to compare 2 groups (a P-value <0.05 was considered to indicate a statistically significant difference), unless otherwise indicated (χ 2 test).
Results

Aberrant expression of SIK1 in ovarian cancer tissues.
In order to study SIK1 protein expression in ovarian cancer tissues, we performed western blot analysis to detect SIK1 protein levels in ovarian cancer tissues and adjacent normal tissues. We found that the SIK1 levels were decreased in the cancerous tissues from 10 patients, compared with those in the adjacent normal tissues (Fig. 1) . The data implied that SIK1 is a tumor suppressor gene in ovarian cancer. To determine SIK1 protein expression among the different ovarian cancer cell lines, we performed western blot analysis using ovarian cancer cell lines OVCAR8, OVCAR3, EG, OCC1, SKOV3 and HEY. SIK1 protein levels varied in the different ovarian cancer cell lines: it was highest in the EG cell line and lowest in HEY cells. Thus, these two cell lines were used for subsequent experiments.
SIK1 inhibits proliferation and cancer stem cell-associated traits in ovarian cancer cells. To determine whether SIK1 affects the proliferation of ovarian cancer cells, we examined whether the SIK1-expressing plasmid caused stable expression of SIK1 protein in the HEY cells using western blot analysis. The results showed that SIK1 protein levels were significantly increased by the SIK1-expressing plasmids in the cells (Fig. 2A) . We performed an MTT assay to detect the proliferation of HEY cells transfected with the SIK1-expressing plasmid. The results showed that SIK1 inhibited the proliferation of HEY cells after 48 h of transfection (Fig. 2B) .
To demonstrate the effects of SIK1 on cell proliferation, we also performed a BrdU incorporation assay to detect DNA synthesis. The results confirmed that SIK1 significantly inhibited DNA synthesis in the HEY cells (Fig. 2C) . To determine whether the inhibition of DNA synthesis contributed to lower S phase fractions in the HEY cells transfected with SIK1, we performed cell cycle analysis to analyze its effects on the cell cycle. The results showed that the S phase fractions in the HEY cells transfected with SIK1 were lower than those transfected with the emoty vector (mock group) (Fig. 2D) . In order to further clarify the effect of SIK1 on cell proliferation, we performed western blot analysis to confirm that SIK1 affected the proliferation markers. The results of western blot analysis revealed that c-myc, PCNA, CDK4, CDK6 and Ki67 protein levels were all downregulated by SIK1 in the HEY cells (Fig. 2E ). In addition, we also performed a colony formation assay to detect the effect of SIK1 on colony formation. The results showed that the overexpression of SIK1 significantly suppressed the colony formation rate of HEY cells following transfection (Fig. 2F) .
To determine whether SIK1 has the potential to promote the formation of cancer stem cells, we also performed western blot analysis to analyze the protein levels of cancer stem cell-associated markers (CD133 and ALDH) in the ovarian cancer cells. The results of the western blot analysis revealed that the protein levels of CD133 and ALDH were significantly inhibited by SIK1 in HEY cells (Fig. 2E) .
Silencing SIK1 promotes the proliferation of ovarian cancer cells. We demonstrated that SIK1 overexpression inhibited the proliferation of HEY cells. To provide further evidence that SIK1 is involved in regulating the proliferation of ovarian cancer cells, we studied the effects of an inhibitor of SIK1, shSIK1. Following stable transfection, SIK1 expression was detected by western blot analysis. The results showed that exogenous shSIK1 significantly downregulated SIK1 expression in the EG cells (Fig. 3A) . We performed an MTT assay to detect proliferation of the EG cells transfected with shSIK1 and scramble. The results showed that shSIK1 promoted the proliferation of the EG cells transfected with shSIK1 compared with that in the scramble-transfected (mock) groups (Fig. 3B) . To further show the effects of silencing SIK1 on proliferation, we performed a BrdU incorporation assay to detect DNA synthesis in the cells. The results confirmed that shSIK1 significantly promoted DNA synthesis in the cells (Fig. 3C) . Moreover, to determine whether the promotion of DNA synthesis contributed to higher S phase fractions in the EG cells transfected with shSIK1, we performed cell cycle analysis to analyze the effect of shSIK1 on the cell cycle. The results showed that the S phase fractions were higher in the EG cells transfected with shSIK1 than in the EG cells transfected with scramble (mock) (Fig. 3D) .
miR-141 suppresses SIK1 protein expression in ovarian cancer cells.
Having demonstrated that SIK1 expression is downregulated in the ovarian cancer tissues and that it inhibits the proliferation of ovarian cancer cells, we then explored the mechanisms responsible for inhibiting SIK1 expression in ovarian cancer cells. miRNAs are a new class of small (~22 nucleotide) non-coding RNAs that negatively regulate the expression of protein-coding genes by targeting mRNA degradation or translation inhibition (10) (11) (12) (13) (14) (15) . The upregulation of specific miRNAs may contribute to the downregulation of tumor suppressor genes (21) . Thus, we hypothesized that SIK1 was downregulated by the overexpression of specific miRNAs in ovarian cancer.
In order to study miRNA expression in the HEY and EG cells, we performed miRNA profiling. We used 8 adjacent normal tissues, 7 primary tumor tissues and 14 metastatic tumor tissues. The isolated RNAs were hybridized to a custom miRNA microarray platform. Following hybridization, quantification and normalization, we found that the levels of miR-141 and miR-367 were significantly increased in the HEY cells by >100-fold compared with those in the EG cells (Fig. 4A) .
To further confirm this observation, we employed three commonly used prediction algorithms: miRanda (http://www. microrna.org), TargetScan (http://www.targetscan.org) and PicTar (http://pictar.mdc-berlin.de/) to analyze the 3'UTR of SIK1. All three algorithms predicted that miR-141 targets the 3'UTR of SIK1 (Fig. 4B) . In order to determine whether miR-141 expression was associated with the development and the progression of ovarian cancer, we performed RT-qPCR to detect the levels of miR-141 expression in eight non-cancerous tissue samples, and samples of seven primary tumors and fourteen metastatic tumors. Consistent with the results of the miRNA microarray, RT-qPCR demonstrated that miR-141 expression was significantly upregulated in the primary and metastatic tumors (Fig. 4C) . The target sites on the 3'UTR of SIK1 are shown in Fig. 4D . We hypothesized that miR-141 downregulated SIK1 expression by targeting its 3'UTR in the ovarian cancer cells and that SIK1 was suppressed in the ovarian cancer due to the upregulation of miR-141.
In order to identify the role of miR-141 in the regulation of SIK1 expression in the EG cells, the cells were transfected with pre-miR-141 and control miR. Following transfection, miR-141 expression was detected by RT-qPCR, and the results showed that miR-141 levels were increased by pre-miR-141 in the cells (Fig. 4E) .
We subsequently performed immunofluorescence analyses in the EG cells transfected with pre-miR-141 or control miR. The results showed that SIK1 protein was markedly suppressed in the cells transfected with pre-miR-141 (Fig. 4F) . We next performed RT-qPCR and western blot analysis to detect SIK1 expression in the EG cells transfected with pre-miR-141 or control miR. The results showed that the protein levels (Fig. 4G) , but not the mRNA levels (Fig. 4H ) of SIK1 were significantly downregulated in the cells transfected with pre-miR-141. Consistent with these results, it was also demonstrated that the SIK1 mRNA levels were not reduced in the EG cells transfected with pre-miR-141, compared with the control miR-transfected groups (Fig. 4I) . All the data demonstrated that miR-141 suppresses SIK1 protein expression in the ovarian cancer cells.
miR-141 overexpression promotes proliferation.
Having demonstrated that miR-141 was upregulated in the ovarian cancer tissues compared with the adjacent normal tissues and that it suppressed SIK1 expression, we hypothesized that it was also associated with proliferation-related effects in ovarian cancer. It was confirmed that miR-141 levels were increased by pre-miR-141 (Fig. 4E) . Subsequently, we performed an MTT assay to detect the proliferation of EG cells transfected with pre-miR-141 and control miR. Ectopic miR-141 promoted proliferation by ~2-fold (Fig. 5A) . To further show the effects of miR-141 on cell proliferation, we performed BrdU incorporation assays to analyze its effects on DNA synthesis. It was noted that miR-141-overexpressing cells exhibited >50% increased DNA synthesis (Fig. 5B) .
Having demonstrated that miR-141 overexpression promotes DNA synthesis and proliferation in ovarian cancer cells, to provide further evidence that miR-141 was involved in the proliferation of EG cells, we performed RT-qPCR and western blot analysis to detect different proliferation markers. The results of RT-qPCR showed that c-myc, Ki67 and CDK4 mRNA levels were upregulated and p21 and p53 mRNA levels were downregulated in the EG cells. Due to a lack of CDK2 and CDK4 antibodies, we detected p53, p21, c-myc and Ki67 protein levels in the cells. The results of western blot analysis revealed that p53 and p21 protein levels were suppressed and c-myc and Ki67 protein levels were increased in the EG cells transfected with pre-miR-141.
Silencing miR-141 restores SIK1 expression and inhibits proliferation in ovarian cancer cells. We have confirmed that SIK1 was downregulated by miR-141 overexpression in ovarian cancer. Subsequently, we performed RT-qPCR to determine whether miR-141 levels were decreased by transfecting HEY cells with anti-miR-141. The results showed that miR-141 was downregulated by anti-miR-141 and the downregulation was dose-dependent in HEY cells (Fig. 6A) . To determine whether silencing miR-141 restored SIK1 expression in the ovarian cancer cells, we performed western blot analysis to detect the expression of SIK1 protein in the HEY cells transfected with anti-miR-141 or scramble. The results showed that silencing miR-141 restored SIK1 expression in a dose-dependent manner (Fig. 6B) . In order to explore the role of anti-miR-141 in ovarian cancer cells, we performed an MTT assay and BrdU incorporation assay to determine its roles in proliferation and DNA synthesis. The results showed that silencing miR-141 inhibited the proliferation of the HEY cells (Fig. 6C) . Consistent with the results of the MTT assay, the BrdU incorporation assay demonstrated that silencing miR-141 inhibited DNA synthesis in the HEY cells (Fig. 6D ).
Discussion
Consistent with the findings of a previous study noting that SIK1 links the tumor suppressor LKB1 to p53-dependent suppression of metastasis and that SIK1 activated by LKB1 suppresses metastasis and invasion in a human mammary epithelial cell line (9), we noted in the present study that SIK1 is downregulated in the tissues and it suppressed proliferation of ovarian cancer cells. Moreover, it has also been found that CD133 expression defines a cancer stem cell population in human ovarian cancer, which may be an important target for new chemotherapeutic strategies aimed at eliminating ovarian cancer (22) . The results of our present study demonstrated that SIK1 suppressed CD133 expression in ovarian cancer cells. By contrast to CD133, ALDH catalyzes the irreversible oxidation of a range of aliphatic and aromatic aldehydes to their corresponding carboxylic acids (23) . High ALDH activity has been detected in stem and progenitor cells of various lineages including hematopoietic (24) (25) (26) , mesenchymal (27) , neural (28) , mammary (29, 30) and prostate (31) cells. We showed that SIK1 inhibited ALDH expression in ovarian cancer cells. In addition, cancer stem cells have been characterized as possessing high clonogenic ability (32) (33) (34) (35) . We also showed that SIK1 inhibited clonogenic ability in the ovarian cancer cells. Taken together, our results imply that a lack of SIK1 is associated with the formation of ovarian cancer stem cells.
It has been suggested that the downregulation of tumor suppressor genes results from the upregulation of specific miRNAs in various types of cancers (36) (37) (38) . Thus, we reasoned that SIK1 was downregulated by the overexpression of specific miRNAs in ovarian cancer tissues. miR-141 appears as an oncogene in various types of cancers including ovarian cancer (16) (17) (18) . However, the mechanism responsible for the oncogenic effects of miR-141 is not yet fully understood. In the present study, we demonstrated that miR-141 expression was significantly upregulated in metastatic ovarian tumors, implying that miR-141 is associated with the progression of this disease. We employed three commonly used prediction algorithms to analyze the 3'UTR of SIK1. All three algorithms predicted that miR-141 targets the3'UTR of SIK1. Subsequent experiments confirmed this prediction. Silencing miR-141 restored SIK1 protein expression in HEY cells, further supporting the hypothesis that the downregulation of SIK1 is associated with high levels of miR-141. In the future, we will study whether miR-141 and the tumor suppressor gene SIK1 are inversely expressed in a defined population set. Recently, it has been reported that miR-141 regulates p38α and promotes tumorigenesis in mouse models of ovarian cancer (39) , and we suggest that miR-141 functions as an oncogene by regulating several genes; SIK1 and p38α are only two of them. We will conduct further studies on miR-141 target genes in ovarian cancer in the future.
